Leukocytosis after cerebral injury is well described and may participate in the generation of cerebral damage. However, the mechanisms of brain-induced leukocytosis are still speculative. Since it is known that proinflammatory cytokines are involved in neuroimmunomodulation and since others and we have demonstrated high cytokine levels in the cerebrospinal fluid following injury, we supposed that brain cytokines may also influence leukocyte counts. In order to evaluate this hypothesis, we established an animal model using continuous intracerebroventricular (icv), intrahypothalamic (ih), or intravenous infusion of the proinflammatory cytokines tumor necrosis factor (TNF)-␣ and IL-1␤. Controls received vehicle solution. With this experimental paradigm we could show that icv and ih infusion of IL-1␤ but not TNF-␣ dramatically increased neutrophil counts, whereas lymphocytes dropped. Blocking the hypothalamic-pituitary-adrenal (HPA) axis by hypophysectomy abolished the neutrophilia, whereas the lymphopenia remained unchanged. Furthermore, application of the ␤ 2 -adrenoreceptor antagonist propranolol prevented the decrease of lymphocytes and diminished the neutrophilia. All parameters normalized within 48 h after termination of infusion. So, our results demonstrate that brain IL-1␤ can modify blood leukocyte counts through stimulation of both the sympathetic nervous system (SNS) and the HPA axis.
INTRODUCTION
Recent experimental evidence confirms the interrelationship between the central nervous, the neuroendocrine, and the immune system. Indeed, extensive duality exists in the use of neurotransmitters, cytokines, hormones, and receptors each system displays (Keller et al., 1981; Reichlin, 1993) . Cytokines are most important mediators of immune cells which can activate central nervous system (CNS) pathways like the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS) (Payne & Krueger, 1992; Rivier et al., 1989; Sapolsky et al., 1987; Sundar et al., 1990; Watkins, 1994; Weiss et al., 1994; Woiciechowsky et al., 1998) . The subsequent release of cortisol and catecholamines can modulate immune cell functions and generate changes in circulating immune cell counts (Chelmicka Schorr et al., 1992; Friedman & Irwin, 1995; Kapcala et al., 1995; Mastorakos et al., 1995; Meisel et al., 1996; Platzer et al., 1995; Sundar et al., 1989; van der Poll et al., 1996) . In this case catecholamines release neutrophil stores, and corticosteroids cause a decrease in the egress of neutrophils from circulation (Boggs, 1967) .
Furthermore, various kinds of brain injury like trauma, ischemia, or subarachnoid hemorrhage are associated with leukocytosis (Keskil et al., 1994; Neil & Cruickshank, 1974; Parkinson & Stephensen, 1984) . It has been suggested that increased cell counts reflect a stress situation with increased catecholamine and corticosteroid activity in addition to tissue necrosis. Additionally, urinary catecholamine and plasma cortisol
